Introduction
Titanium dioxide has been widely used in consumer products, mainly food and cosmetics industry. Although bulk titanium dioxide is considered as safe, there are reports wherein these particles are converted into nano form in the processing steps. Titanium dioxide nanoparticles (TNPs) are now detected in the consumer products without any information about their shape, size or intention. The deliberate use of bulk titanium dioxide has exposed TNPs also to human body and environment. This exposure is undetected at various stages -synthesis (laboratory), manufacture (industry), use (consumer products, devices, medicines, etc) and through environmental exposure (through disposal). A lot of studies are in process about the genotoxic and carcinogenic potential of TNP. However, the classical toxicology methods are not applicable to TNPs as the shape and size greatly depends upon the synthesis method and the unique physicochemical properties of the TNPs. Thus, there is a need to develop an in silico approach that can validate the data observed from the in vitro and in vivo experiments. 1, 2 Docking provides a quick and convenient method to predict the interaction of cellular proteins with nanoparticles to predict toxicity. In this work, we have docked the TNP with several cellular proteins and tried to predict the TNP-protein interaction.
Materials and methods

Protein data bank file of proteins and TNP
The protein data bank file of TNP was downloaded from the source file of University of Sydney website 3 and for proteins Research Collaboratory For Structural Bioinformatics protein data bank. 4 This has been summarized in Table 1 . Abbreviations: CCL-20, chemokine ligand 20; CD, cluster of differentiation; COX-2, cyclooxygenase; IL-8, interleukin 8; CXCL, C-X-C motif chemokine ligand; ICAM-1, intercellular adhesion molecule 1; MMp-9, matrix metallopeptidase 9; N/A, not applicable; NF-kB, nuclear factor kappa B; pIGF, placental growth factor; TNp, titanium dioxide nanoparticles; pDB, protein data bank; U/A, unassigned.
Dimensions of TNp
The dimensions of the lattice were derived from PyMol, and the size of the nanoparticle was identified.
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Determination of binding site
Computed atlas of surface topography of proteins (CASTp) 6 is used to visualize the annotated functional residues. The active sites of proteins have been predicted using CASTp. The best binding pockets with high area and volume were predicted by CASTp as active sites for each protein.
Docking studies of TNp with proteins
AutoDock 4.0 docking program was applied as discussed in our earlier published work.
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Results and discussion
The TNP size was determined as 1.09 nm using PyMol software. The efficient formation of protein-nanoparticle complexes was identified after observing the negative binding energy and intermolecular energy of TNP-protein complexes. The higher binding energy and intermolecular energy are -11.63 and -12.73, respectively -for ICAM (intercellular adhesion molecule) titanium dioxide nanoparticle shows stable docked complex. Figure 1 depicts the hydrogen bond formed after docking. On the basis of the binding energy and intermolecular energy, it can be stated that ICAM and P-38 has stable binding with TNP, whereas no such complex formation takes place with CXCL-1 (C-X-C motif chemokine ligand), CXCL-5 and cluster of differentiation 35. The binding 
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TNp-protein interaction explained by docking approach IL-8, interleukin 8; MMp-9, matrix metallopeptidase 9; NF-kB, nuclear factor kappa B; pIGF, placental growth factor; TNp, titanium dioxide nanoparticle.
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